In order to study the role of thyroid releasing hormone (TRH) in the control of thyroid stimulating hormone (TSH) secretion during the neonatal period, we measured the binding of [3H]-TRH to pituitary homogenate of rats at various stages of development. In 2-day-old animals, the number of l3H]-TRH binding sites were similar to that of adult male animals (23 + 8 fmole/mg protein versus 21 + 7 fmole/mg protein, respectively). Between 5-21 days of age, the number of i3HJ-TRH binding sites was significantly higher than that of adult animals (P < 0.01). Hypothyroidism induced a Zfold increase in the number of [3H]-TRH binding sites in all the age groups studied. This effect was reversed by administration of L-T4 (0.4 pg/g body weight for 3 days). These studies thus indicate that TRH biding sites are present during the neonatal period in the rat and suggest that TRH may be an important modulator of TSH secretion during this period in the rat and that these effects are mediated by postreceptor mechanisms.
Summary
In order to study the role of thyroid releasing hormone (TRH) in the control of thyroid stimulating hormone (TSH) secretion during the neonatal period, we measured the binding of [3H]-TRH to pituitary homogenate of rats at various stages of development. In 2-day-old animals, the number of l3H]-TRH binding sites were similar to that of adult male animals (23 + 8 fmole/mg protein versus 21 + 7 fmole/mg protein, respectively). Between 5-21 days of age, the number of i3HJ-TRH binding sites was significantly higher than that of adult animals (P < 0.01). Hypothyroidism induced a Zfold increase in the number of [3H]-TRH binding sites in all the age groups studied. This effect was reversed by administration of L-T4 (0.4 pg/g body weight for 3 days). These studies thus indicate that TRH biding sites are present during the neonatal period in the rat and suggest that TRH may be an important modulator of TSH secretion during this period in the rat and that these effects are mediated by postreceptor mechanisms.
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The hypothalamo-pituitary-thyroid axis develops postnatally in the rat (1 1). Hypothalamic TRH concentrations as well as pituitary and serum TSH levels increase gradually after birth and reach adult values by the second wk of postnatal life. In the rat, the secretion of TSH is dependent upon the release of the hypothalamic hormone TRH. TRH binds to specific receptor sites on the external surface of the plasma membrane of thyrotrophs and/or mamrnatrophs and activates adenylyl cyclase with elevation of intracellular levels of cyclic AMP leading to the activation of protein kinase, phosphorylation of protein substrates and modifications in the secretion of TSH and prolactin (16) . TRH receptor sites have now been characterized in bovine and rat pituitary gland (7, 16) , as well as in thyrotropic-pituitary tumor cells (19) .
Previous experiments have shown that in the adult animal, the level of pituitary TRH receptor is modulated by both estrogens and thyroid hormones (7) . Hypothyroidism induces a significant increase in the number of TRH receptors, whereas administration of thyroid hormones leads to a progressive decline in the levels of TRH receptors (7) . Previous experiments have suggested that TRH was not the modulator of TSH secretion during the neonatal period. Tonooka et al. (21) reported that serum TSH concentrations in encephalectomized fetus was markedly elevated when pregnant rats were fed PTU and that hypothalamic lesions in these PTU-fed pregnant rats did not prevent the TSH rise in the fetus. Theodoropoulos et al. (20) treated neonatal hypothyroid rats with TRH antiserum and found that this treatment was ineffective in decreasing serum TSH concentrations before the tenth day of life. We have recently observed that exogenous administration of TRH during the neonatal period leads to a significant increase in serum TSH concentration, which can be impaired in a dose-dependent fashion by treatment of the neonatal rat with T3 (22) .
In order to clarify the possible role of TRH in the control of TSH secretion, we measured the binding capacity of pituitary membrane bound TRH receptors during development as well as the effects of thyroid hormone in the control of the number of TRH receptor. The results of these experiments are presented in this communication.
MATERIALS AND METHODS

Animals.
Virgin Sprague-Dawley rats were mated at the supply house (Canadian Breeding Farms, St-Constant, Laprairie, Canada) and shipped to the vivarium on the sixteenth day of pregnancy. Pregnant rats were maintained in single cages on bedding of wood shavings in a sound-attenuated, temperature-and lightcontrolled (14 h of light) room. Humidity was not controlled. All animals had free access to water and rat laboratory chow.
[ 3~] -~~~ binding assay.
[3H]-TRH binding was measured according to the method described by DeLean et al. (7) . After sacrifice, pituitaries (-12 mg tissue) were homogenized in 15 volume of cold TKM buffer (40 mM Tris, pH = 7.4, 7.5 mM KCL, 2 mM MgC12) using a small Teflon glass homogenizer (Kontes). For the binding assay, 0.030 ml of pituitary homogenate and 0.050 ml of [3H]-TRH (New England Nuclear Co, ~-[2,3:H] -proline labeled, 100 Ci/mmole) (fmal concentration = 50 x M) were incubated in the presence or in absence of 100-fold excess of cold TRH. Incubations were camed out at O°C for a period of 60 min. At the end of the incubation period, 2 ml of cold TKM buffer was added to each tube and the bound fraction was separated by suction through cellulose nitrate filter @ore size, 0.45 microns) and rinsed 3 times with 2 ml of cold buffer. Filter were then allowed to dry in scintillation vials and 10 rnl of Aquasol (New England Nuclear) was added to each sample. Radioactivity was counted for 10 min in a LKB scintillation counter at a 95% counting efficiency. All experiments were camed out in duplicate. In some experiments, anterior pituitaries from adult animals were pooled for detailed analysis of binding affinity and number of binding sites. The binding capacity is expressed as fmoles of [3H] -TRH bound/mg protein. Membrane proteins were measured by the method of Lowry et al. (17) using bovine serum albumin as standard.
Developmental study of pituitary TRH receptor.
[3H]-TRH binding sites were measured in 2-, 5-, 9-, 11-, 14-, 21-, 30-, 50-day-old rats and in adult animals.
[3H]-TRH binding capacity was measured as described above. Before 14 days of age, pituitaries from male and female animals were pooled because we did not find any significant effect of sex on the number of [ Fig. 2 . Ontogenesis of pituitary thyroid releasing hormone (TRH) receptors in the rat. Bound TRH was determined as described in the "Materials and Methods" section. Each point comprises the mean rt S.E. The number in parenthesis refers to the number of determination. The level of TRH receptors between day 5 and 22 are significantly different than the day 2 levels and adult level by contrast analysis (P < 0.01).
roidism was induced by feeding the pregnant female rat with similar PTU solution beginning on the fourteenth day of gestation. The day of birth, the PTU solution was replaced by tap water and the newborn animals were injected daily with 100 pg PTU in 1% CMC (carboxy methyl cellulose). This procedure ensures normal lactation.
The effect of thyroid hormones on the pituitary TRH receptors was studied by injecting adult hypothyroid rats with T4 (40 pg/ 100 g body weight) (Sigma Co.) for a period varying from 1-4 days. Neonatal hypothyroid animals were treated with T4 (40 pg/ 100 g body weight) for 3 consecutive days and the levels of TRH receptors were measured 24 h after the last T4 injection.
Hormone assays. Serum T4 and T3 concentrations were measured by specific double antibodies radioirnmunoassays (4, 5 Treatment with T4 (40 pg/100 g body weight) completely reversed the effects of hypothyroidism. As shown in figure, similar effects of hypothyroidism and T4 therapy were observed throughout development.
DISCUSSION
In the rat, the functional integrity of the hypothalamo-pituitary axis does not occur before the fourth and fifth day of life and the development of the capillary tufts of the median eminence continue until 40 days of life (6, 13, 23) . It would thus appear that the participation of hypothalamic TRH in mediating the changes in TSH secretion is negligeable until the fifth day of life, although the hypothalamus synthesizes TRH molecules as early as 2 days of age (1 I).
Our data confirm the finding that in adult animal, thyroid hormones control the concentration of pituitary TRH receptors (7). Hypothyroidism results in an increase in the number of pituitary TRH receptors, which is reversed by the administration of T4. Furthermore, as shown in figure 2 , the time dependent decrease in pituitary TRH receptor concentrations parallels the decrease in serum TSH secretion, confirming recent results in GH3 cells where Perrone and Hinkle (19) observed similar effects of hypothyroidism and T3 supplemented medium on TRH receptor concentration. In GH3 cells, TRH stimulates prolactin synthesis and this effect is inhibited by the addition of physiologic doses of L-TB. Furthermore, TRH itself induces a Zfold decrease in TRH receptor concentration which was additive with the effects of T3. But in vivo, it is difficult to evaluate the effects of TRH on its own pituitary receptor. Dupont et al. (10) have recently shown that the concentration of TRH was not altered signscantly in 3 1 discrete rat brain nuclei, but that it was significantly reduced in the median eminence of rats made hypothyroid at birth. Of interest was the finding that treatment of neonatal hypothyroid rats with replacement doses of T4 restored the TRH content in the median eminence to that of control animals. These findings would suggest that thyroid hormones play an important role at the hypothalamic level.
Our results indicate that the TRH receptor is present in significant amounts during the neonatal period and even during late fetal life (data not shown). Furthermore, the concentration of TRH receptor in Cday-old rat is similar to that of adult animal. It is of interest to note that during the neonatal period, thyroid hormones regulate the number of TRH receptors. Indeed, as shown in Figure 4 , hypothyroidism leads to a 2-fold increase in the number of TRH receptors, whereas administration of T4 (0.4 pg/g body weight for 3 days) restores the receptor level to that of controls. These opposite effects were also observed in all the age groups studies.
There is still controversy over the control of TSH secretion during the neonatal period. Theodoropoulos et al. (20) recently presented data which suggest that TRH does not participate in TSH regulation during the first 10 days of postnatal life. Their results were primarily based on the lack of effect of TRH antiserum in suppressing fetal and neonatal TSH secretion. Using a similar framework, Oliver et al. (18) concluded that administration of TRH antiserum suppressed the TSH secretion in 5-and 7-dayold rats. In recent experiments, we have shown that in neonatal rats (5-day-old), TRH induces a dose-related increase in TSH secretion, which was greater than that observed in adult animal. Furthermore, this TRH induced-TSH release was inhibited in a dose dependent fashion by administration of T3 (22) . As TRH becomes available to the thyrotroph cells of the pituitary, TRH binds to its own TRH receptors and induces a liberation of TSH. In turn, thyroid hormones, T4 or T3 maintain the number of TRH receptors, presumably by binding to a class of nonhistone nucleoprotein, by a postreceptor mechanism involving the synthesis of unknown proteins (2, 12) . Because it has been reported that binding to only a small fraction of the total population of cellular receptors is sufficient for full activation of adenyl cyclase (I), it is therefore possible that minute amount of TRH reaching the pituitary during the neonatal period might be sufficient to assure the control of TSH secretion. Clearlv additional studies will be required to effectively measure the endogenous saturation of the TRH receptor during development.
